Background: In the era of intensity-modulated radiotherapy (IMRT), the role of neoadjuvant chemotherapy (NAC) for locoregionally advanced nasopharyngeal carcinoma (NPC) is under-evaluated. The aim of this study was to compare the efficacy of NAC plus IMRT and concurrent chemoradiotherapy (CCRT) plus adjuvant chemotherapy (AC) on locoregionally advanced NPC.
Background
Nasopharyngeal carcinoma (NPC) is endemic in South China and Southeast Asia, with an annual incidence of 15-50 cases per 100,000 [1] . NPC mortality in China, especially in South China, was also at high levels [2] . Radiotherapy is the primary treatment modality for NPC, and the outcome for patients with early-stage disease is usually favorable; however, the response of locoregionally advanced NPC to radiotherapy is unsatisfactory [3] .
Combining chemotherapy and radiotherapy is a reasonable strategy for improving the long-term outcome of locoregionally advanced NPC. The Intergroup 0099 Study (IGS) was the first randomized, controlled trial to achieve a significant improvement in the 3-year overall survival (OS) for stages III-IVb NPC patients by adding concurrent and adjuvant chemotherapy to conventional radiotherapy [4] . Since then, this regimen has been deemed the standard of care for advanced NPC. However, there have been serious concerns regarding the applicability of the IGS results, and the outcomes of several randomized, controlled trials attempting to verify the efficacy of concurrent chemoradiotherapy (CCRT) plus adjuvant chemotherapy (AC) were conflicting [5] [6] [7] [8] [9] . With the advent of intensitymodulated radiotherapy (IMRT), local control has been substantially improved, and distant metastasis is now the main cause of treatment failure [10] . Further improvements in systemic control by the use of concurrent chemotherapy is unlikely because of drug-related toxic effects [7] ; data from several published studies [11, 12] show that AC does not translate to significant improvements in prolonging OS and reducing distant metastatic rate (DMR). One strategy for treatment improvement is to change the sequence from concurrent-adjuvant to addition of neoadjuvant chemotherapy (NAC) prior to radiotherapy. It is important to address the efficacy of NAC because metaanalyses showed that NAC could significantly reduce both locoregional and distant failures [13, 14] . A pooled metaanalysis of two trials by Chua et al. [13] noted that modest improvements in relapse-free survival and disease-specific survival could be achieved by NAC. Another meta-analysis by Ouyang et al. [14] revealed significant treatment efficacy in terms of OS and DMR for NAC.
Because most of these studies were based on the non-IMRT technique, the role of NAC plus IMRT for locoregionally advanced NPC in the era of IMRT is unknown. The aim of this study was to compare the efficacy of NAC plus IMRT with CCRT plus AC on locoregionally advanced NPC. 
Methods

Patients
Radiotherapy
All patients were immobilized in the supine position with a head, neck, and shoulder thermoplastic mask. Two sets of images, with and without contrast, were obtained from the computed tomography (CT) simulator for treatment planning. All patients were scanned with serial 3-mm slices from the vertex through the clavicles. Inverse IMRT planning was performed using the Corvus system, version 3.0 (Peacock, Nomos, Deer Park, IL, USA), and a dynamic, multileaf, intensity-modulating collimator (MIMiC; Nomos Corp., Sewickly, PA, USA) was used for planning and treatment. The gross tumor volumes of the nasopharynx (GTVnx) and positive neck lymph nodes (GTVnd) were delineated according to our previously described institutional treatment protocol [15] , which is in agreement with the International Commission on Radiation Units and Measurements Reports 50 [16] and Reports 62 [17] . The first clinical tumor volume (CTV1) was defined as the GTVnx plus a margin of 5-10 mm for potential microscopic spread, including the entire nasopharyngeal mucosa plus a 5-mm submucosal volume. The second CTV (CTV2) was defined by adding a margin of 5-10 mm to CTV1 and included the following regions, which needed prophylactic irradiation: retropharyngeal lymph node regions, the clivus, skull base, pterygoid fossae, parapharyngeal space, inferior sphenoid sinus, posterior edge of the nasal cavity, maxillary sinuses, and the lymphatic drainage area. The planning target volume Keywords: Nasopharyngeal carcinoma, Intensity-modulated radiotherapy, Neoadjuvant chemotherapy, Concurrent chemoradiotherapy, Adjuvant chemotherapy (PTV) for GTVs and CTVs were generated automatically by adding a 5-mm margin after delineation of tumor targets according to the immobilization and localization uncertainties. The prescribed dose was 68-70 Gy to the PTV of the GTVnx (PTVnx), 64-68 Gy to the PTV of the GTVnd (PTVnd), 60 Gy to the PTV of the CTV1 (PTV1), and 54 Gy to the PTV of the CTV2 (PTV2) in 30 fractions. All patients were treated with one fraction daily over 5 days per week.
Chemotherapy
For the NAC + IMRT group, two NAC cycles, consisting of cisplatin (80 mg/m 2 intravenous infusion on day 1) and 5-FU (4 g/m 2 daily as a 120-h intravenous infusion on days 1-5), were administered at an interval of 3 weeks before radiotherapy.
For the CCRT + AC group, two concurrent chemotherapy cycles, consisting of cisplatin (80 mg/m 2 intravenous infusion on days 1 and 22), were administered at an interval of 3 weeks during radiotherapy; 2 subsequent AC cycles, consisting of cisplatin (80 mg/m 2 intravenous infusion on day 1) and 5-FU (4 g/m 2 daily as a 120-h intravenous infusion on days 1-5), were administered at an interval of 3 weeks after the completion of radiotherapy.
Patient assessment and follow-up
Clinical evaluation of the efficacy of therapy was based on the Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 [18] . Acute and late adverse events were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE) v3.0 [19] . Patients were evaluated weekly during radiotherapy and every 3 months for the first 3 years, every 6 months for the fourth and fifth years, and every year thereafter. Followup evaluation included physical examination of the head and neck, nasopharyngeal endoscopy, chest radiography, abdominal ultrasound, Epstein-Barr virus (EBV) serological testing, and magnetic resonance imaging (MRI) or CT of the head and neck region. CT scans of the abdominopelvic cavity or chest, bone scans, and positron emission tomography scans were conducted when clinically indicated.
Statistical analysis
The SPSS 16.0 statistical software (SPSS Inc., Chicago, IL, USA) was used. The Chi square analysis was used to compare occurrence rates of adverse events and categorical variables. The means of continuous variables were compared using the Student's t test. The study endpoints of OS, LRRFS, DMFS, and DFS were determined by patient death, relapse of a local or nodal tumor, occurrence of distant metastasis, and occurrence of relapse or distant metastasis respectively. The time-to-event for each endpoint was calculated from the date of completion of treatment to the occurrence date of the event using the Kaplan-Meier method. Statistical differences in endpoints were estimated using the log-rank test. The multivariate analysis was conducted by the Cox proportional hazard regression model. A two-tailed P value of less than 0.05 was considered significant.
Results
Patient characteristics
Between January 2004 and December 2008, clinical data of 240 NPC patients treated in the Sun Yat-sen University Cancer Center who met all of the criteria were retrospectively analyzed. Of these patients, 175 were males and 65 were females. The median age was 44 years. Of the 240 patients, 117 received NAC followed by IMRT, and 123 were treated with CCRT plus AC. No significant differences were found between the two groups in baseline characteristics (Table 1 ).
Treatment and compliance
All patients completed the full course of radiotherapy. In the NAC + IMRT group, all patients completed two cycles of NAC. In the CCRT + AC group, all patients completed two cycles of concurrent chemotherapy and two cycles of AC.
Clinical response
After two cycles of NAC with cisplatin plus 5-FU, five patients (4.3%) had a complete response (CR), and 93 (79.5%) had a partial response (PR) in the NAC + IMRT group. Three months after radiotherapy, the effective rates (CR plus PR) were 98.3% (115/117) in the NAC + IMRT group and 98.4% (121/123) in the CCRT + AC group (P = 1.000).
Patterns of treatment failure
The failure patterns, locoregional or distant, in the NAC + IMRT and CCRT + AC groups were similar (Table 2) .
Acute and late toxicities
Acute toxicities during radiotherapy were well tolerated by the entire group. Compared with the CCRT + AC group, the NAC + IMRT group had significantly reduced occurrence rates of grades 3-4 nausea-vomiting (6.5 vs. 1.5%, P = 0.023) and leukopenia (9.7 vs. 0.8%, P = 0.006). No significant differences in anemia, thrombocytopenia, liver dysfunction, and mucositis were found between the two groups ( Table 3 ). The most common late toxicities were xerostomia, hear loss, skin dystrophy, subcutaneous fibrosis, and temporal lobe injury (TLI). Ten patients (4.2%) developed TLI. Among them, 4 had radiation injuries in unilateral temporal lobes, and 6 in bilateral temporal lobes. No significant differences in late toxicities were found between the two groups. However, in the CCRT + AC group, 4 patients (3.3%) had grades 3-4 hear loss, and 2 (1.6%) had grades 3-4 TLI.
Survival analysis
The 5-year OS, LRRFS, DMFS, and DFS rates were 78.0, 87.9, 79.0, and 69.8%, respectively, for the NAC + IMRT group, and 78.7, 84.8, 76.2, and 65.6%, respectively, for the CCRT + AC group. There were no significant differences in survival between the two groups (Fig. 1) . Subset analyses revealed that the differences in OS, LRRFS, DMFS, and DFS were significant in all subsets (Table 4) .
Prognostic factors
The various potential prognostic factors for predicting LRRFS, DMFS, DFS, and OS rates, including gender, age, WHO histology, T stage, N stage, overall stage, and treatment, were evaluated in univariate and multivariate analysis. In univariate analysis, age and overall stage were significant prognostic factors for OS, DMFS, and DFS (Table 5 ). In multivariate analysis, age and overall stage 
Fig. 1 Kaplan-Meier estimates of the survival of patients with locoregionally advanced nasopharyngeal carcinoma (NPC) treated by neoadjuvant chemotherapy (NAC) plus intensity-modulated radiotherapy (IMRT) vs. concurrent chemoradiotherapy (CCRT) plus adjuvant chemotherapy (AC)
. a overall survival; b locoregional relapse-free survival; c distant metastasis-free survival; d disease-free survival. There were no significant differences in survival between the two groups were found to be the independent predictors for OS and DFS, and overall stage was a significant prognostic factor for DMFS (Table 6) . No significant prognostic factors were found for LRRFS in either univariate or multivariate analysis.
Discussion
For locoregionally advanced NPC, the present study demonstrated that NAC plus IMRT and CCRT plus AC resulted in similar outcomes in terms of 5-year OS, LRRFS, DMFS, and DFS rates. A subgroup analysis indicated that the effect of concurrent and adjuvant chemotherapy on OS, LRRFS, DMFS, and DFS was insignificant in all subsets. CCRT has been considered the standard of care for locoregionally advanced NPC [20] . Although the efficacy of chemotherapy delivered concurrently with conventional radiotherapy has been repeatedly proven [4, 6, 21], the most effective combination of chemotherapy and IMRT has not been well established. Three retrospective studies have evaluated the contribution of chemotherapy for patients with NPC treated with IMRT [22] [23] [24] . Lin et al. [22] reported that IMRT following NAC for locoregionally advanced NPC provided a favorable outcome in terms of 3-year local/ regional control, metastasis-free survival (MFS), DFS, and OS; furthermore, their results suggested that concurrent chemotherapy offered no significant value for further improvement of local and regional control to IMRT following NAC. Su et al. [23] demonstrated that patients with locoregionally advanced NPC had similar OS, MFS, and DFS when treated with IMRT-based modalities, including IMRT alone, NAC plus IMRT, IMRT plus AC, CCRT alone, NAC plus CCRT, and CCRT plus AC. Another retrospective study assigned 276 patients with locoregionally advanced NPC to compare IMRT alone with NAC plus IMRT, CCRT alone, and NAC plus CCRT [24] . The results revealed that the addition of concurrent or neoadjuvant-concurrent chemotherapy to IMRT prolonged relapse-free survival (RFS) or DFS for patients with locoregionally advanced NPC, whereas NAC provided no significant benefit for OS, MFS, RFS, and DFS.
In the current retrospective cohort study, NAC plus IMRT produced a superb outcome similar to CCRT plus AC in terms of locoregional control in patients with locoregionally advanced NPC (87.9 vs. 84.8%, P = 0.515). We hypothesized that the application of IMRT would improve the local control rate, which may "counteract" the effect of CCRT on improving the local control rate and survival rate. In addition, NAC could reduce hypoxia in the primary site and metastatic lymph nodes by shrinking the tumor, which could increase radio-sensitivity and increase locoregional control [25] . After 2 cycles of NAC with cisplatin plus 5-FU, 5 patients (4.3%) had CR, and 93 (79.5%) had PR in the NAC + IMRT group.
Although the use of IMRT has produced significant improvements in LRRFS, effective treatment of distant metastases remains an important problem to be solved. In the present study, 23 patients experienced a local or regional relapse, and 48 developed a distant metastasis. Distant metastasis remained the predominant mode of treatment failure, which was consistent with the results of other reports [26, 27] . Our results demonstrated that NAC plus IMRT achieved similar DMFS compared with CCRT plus AC (79.0 vs. 76.2%, P = 0.456). The main goal of NAC is to eradicate distant micrometastases [28] . Given the high distant failure rate associated with NPC, it is logical to expect a decline in distant failure with the use of NAC. A recent meta-analysis that emphasized the use of NAC revealed that NAC could effectively enhance OS and reduce DMR [14] . However, both the drug dose and course necessary to eradicate all distant micrometastases are still unknown. As a result, we recommend further investigation on the optimal regimen of NAC for locoregionally advanced NPC.
A multivariable analysis for prognostic factors was also performed in the present study. OS and DFS were both independently affected by age and overall stage, and DMFS was only affected by overall stage. It is well known that overall stage is undoubtedly the most important prognostic factor for predicting the survival of NPC patients [29, 30] .
Despite of the proven efficacy of chemotherapy delivered concurrently with conventional radiation, the combined treatment strategy comes with substantial adverse effects. In the pivotal INT-0099 trial, the proportions of patients who could complete the scheduled concurrent and adjuvant chemotherapy were only 63 and 55%, respectively, due to excess toxicity [4] . Similar results on treatment-related toxicities have been documented in retrospective and randomized studies [6, 21, 31] . In the present study, the group of patients who received CCRT plus AC had significantly more severe leukopenia and nausea-vomiting than patients who received NAC plus IMRT. In the CCRT + AC group, most of the grades 3-4 nausea-vomiting occurred during the CCRT phase. Compared with the CCRT + AC group, the NAC + IMRT group had less gastrointestinal and hematologic toxicities. Studies by Lin et al. [22] and Sun et al. [32] also demonstrated that the total occurrence rates of grade 3 or 4 acute toxicities in patients receiving concurrent chemotherapy was higher than those who received IMRT alone. No significant differences in late toxicities were found between the two groups. In our study, in the NAC + IMRT group, skin dystrophy, subcutaneous fibrosis, xerostomia, and TLI were mild (grades 1-2); however, in the CCRT + AC group, 4 patients (3.3%) had grades 3-4 hear loss, and 2 (1.6%) had grades 3-4 TLI. One possible explanation for milder toxicities in the NAC + IMRT group may be that NAC was likely to reduce primary tumor volume for patients with intracranial invasion, and re-planning of the delineation for tumor volume after NAC could better protect critical normal tissue and reduce IMRT-associated adverse events [33] .
These results demonstrated that a regimen of CCRT plus AC that significantly increases the probability and severity of treatment-related adverse events might not be essential for the treatment of NPC if NAC and IMRT are used instead. We hypothesize that omission of concurrent-adjuvant chemotherapy may be possible, and effective disease control in the primary area and neck lymph nodes can be achieved with improvement in radiation technology and use of sequential chemotherapy. Further randomized clinical trials are necessary for the establishment of the most effective combination of chemotherapy and IMRT to improve the prognosis of patients with locoregionally advanced NPC.
Conclusions
The treatment outcomes of NAC plus IMRT and CCRT plus AC for locoregionally advanced NPC were similar. Distant metastasis remained the predominant mode of treatment failure. The most effective combination of chemotherapy and IMRT needs to be established through further randomized clinical trials.
